ABSTRACT Light microscopy of blood smears for diagnosis of malaria in the field has several limitations, notably delays in diagnosis. This study in Ahmedabad in Gujarat State, India, evaluated the diagnostic performance of a rapid diagnostic test for malaria (SD Bioline Malaria Ag P.f/Pan) versus blood smear examination as the gold standard. All fever cases presenting at 13 urban health centres were subjected to rapid diagnostic testing and thick and thin blood smears. A total of 677 cases with fever were examined; 135 (20.0%) tested positive by rapid diagnostic test and 86 (12.7%) by blood smear. The sensitivity of the rapid diagnostic test for malaria was 98.8%, specificity was 91.5%, positive predictive value 63.0% and negative predictive value 99.8%. For detection of Plasmodium falciparum the sensitivity of rapid diagnostic test was 100% and specificity was 97.3%. The results show the acceptability of the rapid test as an alternative to light microscopy in the field setting. 
Introduction
Malaria is one of the major public health problems of India [1] . In Gujarat State, 71 480 malaria cases were reported during 2012, 13 .4% of these due to Plasmodium falciparum [2] . In Ahmedabad, the largest city in Gujarat, the total number of malaria cases was 18 802, with 15.4% being P. falciparum cases. All clinically suspected malaria cases in India are subjected to blood smear examination, free of charge, by the public health system at the peripheral health centres in urban as well as rural areas. In addition, there are cadres of fieldworkers in both urban and rural areas who carry out active surveillance for malaria by house-to-house visits and collection of blood smears for screening all clinically suspected malaria cases [3] . Nevertheless, the disease remains a major problem in certain states and geographical pockets.
When the results of blood smear examination by light microscopy are not available immediately, there can be a delay in the start of antimalarial treatment. This is especially serious in the cases of P. falciparum infection. Often presumptive treatment with chloroquine is offered to all fever cases due to lack of immediate availability of blood smear results. This is one of the reasons attributed to the rise in the proportion of P. falciparum cases and in resistance to chloroquine, which was previously used as the firstline treatment of malaria cases. Previous World Health Organization (WHO) guidelines were that treatment solely on the basis of clinical suspicion was to be considered only when a parasitological diagnosis was not accessible. Fears about the emergence of artemisininresistant strains of P. falciparum have led to a change in WHO policy to recommending restricting antimalarial treatment to laboratory-confirmed cases [4] .
The development of rapid diagnostic tests (RDTs), or dipsticks [5] , tackles the most important limitation of blood smear examination, that results are not available immediately. RDTs, however, can be adopted as an alternative or additional diagnostic test only if all the validity indicators, especially sensitivity and specificity, are acceptable as compared with the existing screening test for malaria. In view of this, the present study was carried out in collaboration with Ahmedabad Municipal Corporation in Gujarat State to evaluate the diagnostic performance of a RDT against blood smear examination. The study was carried out before RDT was introduced as an alternative test along with the blood smear testing for diagnosis of malaria in active and passive surveillance of the disease in Ahmedabad city.
Methods

Study setting and sample
Ahmedabad city is the largest city of Gujarat State in India, with a population of 6 million, and is divided into 6 administrative zones: East, West, South, North, Central and New West, with a total of 57 urban health centres (UHCs). The study was carried out from August 2011 to November 2011, which corresponded to the high transmission season for malaria in Ahmedabad.
UHCs with a high malaria caseload were selected for inclusion in the study based on Ahmedabad Municipal Corporation records of fever cases in the year 2010. Two UHCs per zone were selected, making a total of 12 UHCs. The average proportion of fever cases in the last 2 years out of the total outpatient cases was 13% and by taking an allowable error of 20%, the calculated sample size was 669, which was equally distributed among the 12 UHCs. Based on this calculation, it was planned to recruit 56 fever cases from each UHC (a total of 672). However, as the caseload in one UHC was insufficient another was included in the study (i.e. a total of 13 UHCs). In practice, 677 fever patients were included in the study as all patients who reported with fever at the selected UHCs on the day of visit of the investigator team were included in the study.
Data collection
Each UHC was visited by the team of assistant professor and laboratory technician from the Department of Community Medicine at AMC Medical Education Trust Medical College. Information about patients' symptoms and other details was collected on a proforma. Each case of fever was subjected to both RDT and blood smear examination.
Blood specimens were collected from finger-prick using a sterile lancet by an experienced medical laboratory technician. As per the guidelines of the health department of Ahmedabad Municipal Corporation, thick and thin blood smears were prepared on the same slide and stained with field stain after fixing the thin smear with methanol. Smears were considered negative when no parasites are detected after examination of 100 microscopic fields. When thick smears were positive for parasites, Plasmodium spp. identification was done from the thin smears. Routinely, thick smears are examined under the microscope at the UHCs by their laboratory technicians. However, as a part of this project, laboratory technicians from the Department of Community Medicine performed RDT at the UHC, while the technician of the concerned UHC collected blood smears at the same time from the suspected malaria cases. For the purpose of confidentiality and blinding, these blood smears were not checked at the UHC but were checked by the technicians at the central laboratory of Ahmedabad Municipal Corporation, Kankaria.
The RDT kit used in the study was the SD Bioline Malaria Ag P.f/Pan (Standard Diagnostics) which could test both for P. vivax and P. falciparum malaria in finger-prick samples. These 2 species are prevalent in Gujarat.
During the study, all the patients who tested positive for malaria by RDT kit were given treatment on the same day before the results of blood smear examinations were available from the central laboratory.
Data analysis
The data were entered into Microsoft Excel spreadsheets and were analysed using SPSS software, version 17.0. Calculation of frequencies, proportions, percentages, means, standard deviation (SD) and cross-tabulations and testing for significance were done as required. The following validity indicators for RDT were calculated taking blood smear examination as the gold standard: sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), accuracy, positive likelihood ratio (LR+) and negative likelihood ratio (LR-). These were done separately for malaria, for P. vivax malaria and for P. falciparum malaria.
Sensitivity Table 1 shows the demographic distribution of the 677 fever cases, by age, sex, residential zone, sleeping habits and use of personal protective equipment. The slide positivity rate (SPR) from blood smear examination was significantly higher in South zone, in the age group 51-60 years and for those not using personal protective equipment.
Results
Demographic characteristics of fever cases
Comparison of RDT and blood smear examination
All 677 fever cases included in the study were subjected to both RDT and blood smear examination and the results were compared; 135 (20.0%) fever patients tested positive for malaria by RDT whereas 86 (12.7%) tested positive by blood smear examination ( Table 2) . Out of these 86 fever cases positive by blood smear, RDT was positive in 85 cases. Therefore RDT missed only 1 case of malaria which was diagnosed by blood smear examination.
Of the 135 patients testing positive by RDT, 100 were positive for P. vivax malaria, 6 for P. falciparum and 29 for both P. vivax and P. falciparum. Out of the 86 patients positive by blood smear, 69 were positive for P. vivax malaria and 17 for P. falciparum. Therefore, mixed infections with both P. vivax and P. falciparum were diagnosed only with RDT.
Out of all 129 patients who tested positive for P. vivax by RDT, 68 were positive for P. vivax both by RDT and blood smear examination, whereas 61 were positive by RDT but negative by blood smear. Of 35 cases positive for P. falciparum by RDT, 17 were also positive by blood smear examination ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫العرشون‬ ‫املجلد‬ ‫الرابع‬ ‫العدد‬ whereas 18 were negative by blood smear.
Validity indicators
Validity indicators were calculated for RDT for diagnosis of malaria, P. vivax and P. falciparum separately, taking blood smear examination as the gold standard (Table 3 (The data of mixed infections were included with that of P. vivax and P. falciparum individually.)
The sensitivity of RDT for the diagnosis of malaria was 98.8% (95% CI: 93.7%-99.8%), for P. vivax malaria was 98.6% (95% CI: 92.2%-99.7%) and for P. falciparum malaria was 100.0% (95% CI: 77.1%-100.0%). These were not statistically significantly different (P > 0.05). The specificity of RDT for the diagnosis of P. falciparum (97.3%; 95% CI: 95.6%-98.3%) was significantly higher than for the diagnosis of any malaria (91.5%; 95% CI: 89.0%-93.5%) or of P. vivax (90.0%; 95% CI: 87.3%-92.1%) (P < 0.01).
The PPV for RDT for diagnosis of all malaria was 63.0% (95% CI: 54.6%-70.6%), and for P. vivax and P. falciparum was 52.7% (95% CI: 44.1%-61.1%) and 48.6% (95% CI: 31.7%-65.7%) respectively. These differences were statistically non-significant (P > 0.05). The NPV of RDT results for all malaria, P. vivax and P. falciparum were very high: 99.8% (95% CI: 99.0%-100.0%), 99.8% (95% CI: 99.0%-100.0%) and 100% (95% CI: 99.3%-100.0%) respectively, with no statistically significant difference between the 3 values (P > 0.05).
The LR+ for RDT was high and LR-was very low. Accuracy values for the test were high and there was good agreement between RDT and blood smear examination (Table 3) .
The receiver operating characteristics curve was drawn for RDT, taking blood smear examination for malarial parasite as reference separately for diagnosis of malaria irrespective of species, P. vivax and P. falciparum and the area under the curve is shown in Figure 1 .
Discussion
The present study assessed the performance of a RDT for detecting both P. vivax and P. falciparum infection versus light microscopy of thick and thin blood smears as the gold standard. The overall SPR was 12.7% among the fever cases included in the present study.
The study period corresponded with the high transmission season for malaria in Ahmedabad city of India. This compares with the prevalence of uncomplicated malaria during the high transmission season in Tanzania, which was found to vary from 9.4% to 19.2% [6] , whereas a rate of 22.6% was found in another study in Tanzania [7] , 23.8% in Ethiopia [8] and 31% also in Ethiopia [9] . The RDT identified more positive cases than the gold standard blood smear test (20.0% versus 12.7%) and this was maybe due to persistently circulating antigen and prior use of antimalarial drugs [3, 4, 7] . The sensitivity of RDT for the diagnosis of malaria in the present study was 98.8% and the specificity was 91.5%. These figures were similar to those found in several other studies [8, [10] [11] [12] [13] , although in one study the sensitivity and specificity of RDTs compared with microscopy results were 85.3% and 59.8% respectively [7] .
The present study found the sensitivity and specificity of the RDT for P. falciparum malaria were 100.0% and 97.3% respectively. In another study in India by Neeru et al. the First Response® combo RDT test was 94.7% sensitive (95% CI: 89.5%-97.7%) and 69.9% specific (95% CI 63.6%-75.6%) for P. falciparum [12] . However, for non-falciparum infections the test was 84.2% sensitive (95% CI: 72.1%-92.5%) and 96.5% specific (95% CI: 93.8%-98.2%) [12] . Overall sensitivity of the SDFK90 rapid test for the detection of P. falciparum was 98.5% and specificity was 98.8% [11] .
The PPV for malaria in the present study was 63.0% but was only 48.6% for P. falciparum. The PPV for P. falciparum in another study ranged between 63.1% and 70.9% [11] .
In this study, the high LR+ and very low LR-of the RDT found for P. falciparum and P. vivax infections confirmed that patients with positive tests would have a high probability of being infected and patients with negative test would have high probability of not having infection. These findings agree with another study by Bendezu et al. [13] .
Conclusions
The SD Bioline Malaria Ag P.f/Pan RDT performed well for the diagnosis of malaria. High sensitivity of malaria diagnosis is important in all settings and is essential for the most vulnerable population groups in which malaria infection produces an acute illness that can rapidly progress to death. Only microscopy and RDT are viable options at present in the field settings. The practical and speedy nature of RDTs makes them the only currently viable supplement to or replacement of microscopy-based diagnosis. 
